striking decrease in the latency of leukaemia development (from 3-6 months to 51 days) and an increase in the frequency of the cancer in the mice (from about 30% to 100% of animals). The mechanism for these effects remains unclear, and it is uncertain which components of the c13orf25 miRNA cluster are responsible. Nonetheless, this study emphatically nominates this miRNA cluster as the first candidate non-coding oncogene.
The connection between miRNAs and the myc oncogene is also examined by O'Donnell et al. (page 839) 8 . This gene encodes the transcription regulator c-Myc, the overexpression of which is frequent in cancer. To explore the effects of c-Myc on miRNAs, O'Donnell et al. use a lymphoma cell line carrying a myc gene that can be switched on by treating the cells with an 'inducer' . They find that increasing the expression of c-Myc leads to increased expression of six miRNAs. Remarkably, two of these are encoded by the c13orf25 cluster and the remainder are encoded by two related clusters on chromosomes 7 and X. O'Donnell et al. confirm that c-Myc binds to a candidate regulatory site in c13orf25.
A predicted target of two of the encoded miRNAs is the transcription factor E2F1, which is itself a critical regulator of the cell cycle. O'Donnell et al. demonstrate that this prediction is correct, and that expression of E2F1 is only affected if the miRNA target site is present in the E2F1 mRNA. E2F1 and c-Myc are known to induce each other's expression. In the absence of other controls, this could set up a positive-feedback loop leading to overexpression of both genes -with disastrous consequences for normal cell-cycle regulation. O'Donnell et al. propose that by negatively regulating E2F1, miRNAs induced by c-Myc could dampen the runaway effect, fine-tuning the dynamics of E2F1 action during the cell cycle.
Questions remain, of course. What regulates the expression of miRNAs? What are the targets of each miRNA? Do miRNAs act mainly to 'fine-tune' gene expression or more often as binary on/off switches? Given that each miRNA may regulate numerous targets, it is possible that thousands of protein-coding genes could be regulated by a few hundred miRNAs. Candidate miRNA target genes can be identified by bioinformatics approaches, but a great deal of experimental work remains to be done in validation.
We need to find out which of the biological pathways underlying cancer are regulated by miRNAs, but the complexity of the problem is underlined by the dual roles for the same miRNAs identified in two of this week's reports 7, 8 . In one context, the c13orf25 cluster can act as an oncogene; in another it seems to antagonize the effects of different oncogenes, acting like a classic tumour-suppressor gene. Sorting out the miRNA regulatory networks will be challenging, but is vital to explain the nuanced regulation of gene expression essential to the growth, development and survival of multicellular organisms. reactants are in the same phase). Breslow and Rideout 3 were the first to show that the otherwise solvent-insensitive Diels-Alder reactions -which are among the most useful reactions in organic chemistry, often used for the synthesis of six-membered rings -may be greatly accelerated in water. Similar results were obtained for other types of simple (uni-and bimolecular) organic reactions. Subsequent mechanistic studies have established that this behaviour results from enforced hydrophobic interactions and stabilization of the activated complex by hydrogen-bond formation. Although synthetic applications evolved from these studies 4 , there were invariably limitations that stemmed from lack of solubility. And scant attention was paid to the kinetics of organic transformations under heterogeneous aqueous conditions, when the reactants are in different phases.
Sharpless's group 2 now shows that several uni-and bimolecular reactions are greatly accelerated when carried out in vigorously stirred aqueous suspensions ( Water is unique. The chemistry of living organisms depends on its combination of unusual properties, and it is difficult to imagine life in the absence of the aqueous medium 1 . For synthetic organic chemistry, however, it is less important, because water is traditionally not a popular choice of solvent.
There are two main reasons for this. Functional groups in the organic molecule may themselves react with water and, more importantly, most organic molecules are nonpolar, and so hydrophobic and generally highly insoluble in water. It is therefore assumed that a mixture of water and one or more nonpolar organic reactants will usually have low reaction rates and low yields of the desired products. As a group led by Barry Sharpless reports in Angewandte Chemie 2 , however, this assumption does not hold for a variety of organic reactions in the 'on water' approach that they have pioneered.
There was already compelling evidence that many organic reactions are faster in water than in organic solvents, but that evidence was based on reaction kinetics in very dilute, homogeneous solutions (in which the Claisen rearrangements and nucleophilic substitutions. The reactants are initially floating on the surface of water, hence the 'on water' designation, and the reaction product is often produced in a pure state under or on the water, allowing it to be easily isolated by phase separation or filtration. This simple protocol can be carried out in a beaker, as well as in more complex vessels.
Sharpless and colleagues' experiments were performed with one or two liquid, water-insoluble reaction partners or, occasionally, a mixture of one liquid and one solid. Although the authors have not undertaken detailed kinetic experiments, the yields of pure products after varying reaction times convincingly demonstrate that the rates are higher than those under solvent-free ('neat') or homogeneous conditions. One reaction -the [2Ȝ+2Ȝ+2Ț] cycloaddition of quadricyclane with dimethyl azodicarboxylate (DMAD) to yield a 1,2-diazetidine as the single product -provides, from a scientific point of view, a good example (Fig. 2) . The time to completion for the 'on-water' reaction is only 10 minutes at 23 ș C; that compares with 48 hours for the solventfree reaction, and 18 hours in methanol and more than 120 hours in toluene.
The efficiency of 'on-water' reactions is amazing, but the mechanism remains unclear. In that respect, some of Sharpless and colleagues' observations may help. First, 'onwater' reactions of quadricyclane with diethyl azodicarboxylate that are carried out in the additional presence of apolar solvents, such as toluene, remain much faster than the same reactions in toluene alone.
Second, there is further evidence that the heterogeneous reaction is more efficient. Gradual addition of methanol to the aqueous phase had little effect. If, at a critical methanol concentration, the heterogeneous system switches to a homogeneous one, however, a dramatic reduction in reaction rate results. But the replacement of water by C 6 F 14 , so providing 'on perfluorohexane' heterogeneous conditions, produced no significant rate enhancement for the reaction of quadricyclane with DMAD. This experiment shows that water is required, and that heterogeneity is not in itself the secret of 'on-water' efficiency.
Further mechanistic studies should provide more evidence about the exact origin of the rate enhancements. The Sharpless group also carried out the reaction of quadricyclane with DMAD using deuterium oxide (D 2 O), and found that the time to completion was longer (45 minutes, not 10 minutes, as with H 2 O). This is a challenging observation, because no rate-determining proton, hydrogen or hydride transfer is involved. Perhaps the difference in viscosity between water and deuterium oxide is involved here. Assuming that the reactions occur at the surface of the reactant particles in suspension, rather than in the aqueous phase at low reactant concentrations, particular emphasis should be placed on investigating the properties of water and the reactants at these interfaces. Because most of the activated complexes in the reactions examined by Sharpless and colleagues are probably more efficient at forming hydrogen bonds than are the initial states, the hydration layers of the particles may play a crucial role.
The scope of these new findings 2 will have to be extended to take the 'on-water' procedure to the forefront of organic chemistry. One challenge will be to devise a protocol that allows the successful use of two solid reactants. But even at this stage the approach will have an impact on synthetic organic chemistry in the laboratory, and possibly on larger scales, and will also influence thinking about chemical reactivity in heterogeneous aqueous media. It brings biochemistry and organic chemistry closer together in the beneficial use of water as the reaction medium.
■ Jaap E. Klijn and Jan B. F. N. Engberts are in the Physical Organic Chemistry Unit, Stratingh Institute, University of Groningen, 9747 AG Groningen, The Netherlands. e-mails: Jaapklijn@home.nl; J.B.F.N.Engberts@rug.nl particles). Prions are increasingly turning up in different organisms, particularly yeast and other fungi. The yeast prions are not functionally or structurally related to their mammalian namesakes, and their ability to convert into fibrillar aggregates is coupled not just to disease but also to the inheritance of genetic traits 3, 8 . Proteins in amyloid fibrils are folded to produce a core region consisting of a continuous array of ȋ-sheets. Such sheets are a familiar type of protein motif, and here are made up of ȋ-strands that are oriented perpendicular to the fibril axis in an arrangement called a cross-ȋ structure 9 . The ability to form this type of structure may be a generic feature of polypeptide chains 1 , although the specific amino-acid sequence of the chain affects both the propensity to form fibrils and the way a given molecule is arranged within the fibrils. Knowledge of this latter aspect is vital for understanding the properties of protein forms such as prions, but has been seriously limited by the intractability of amyloid fibrils to the traditional methods of structural biology.
Nelson et al. (page 773) 4 now report a breakthrough in this context. They managed to persuade a seven-residue peptide from one end -the amino-terminal region -of a yeast prion known as Sup35 to form three- dimethyl (2a) or diethyl  (2b) azodicarboxylate to yield 1,2-diazetidine (3) . With the 'on-water' protocol, the reaction runs to completion in only 10 minutes, much faster than with other procedures. One of the most intriguing issues in biology is the occasional conversion of proteins from their intricately folded functional forms into thread-like molecular aggregates. These transformations into an alternative form of protein structure 1 are of much more than academic interest -such aggregates are linked to some of the most feared diseases of the modern era 2 , and to the previously heretical idea that transmission of genetic information can occur without the involvement of nucleic acids 3 . Three reports in this issue [4] [5] [6] provide provocative data that illuminate the structures of these types of aggregate, and suggest how such structures might explain their extraordinary properties.
The alternatives to the familiar forms of proteins are usually known as amyloid (or amyloid-like) fibrils and are perhaps most notorious for their association with Alzheimer's disease 1, 7 . But they are also involved in some 20 other 'misfolding' disorders 7 . These include type II diabetes, as well as the transmissible forms of the diseases epitomized by scrapie and 'mad cow' disease in domesticated animals, and by kuru and Creutzfeldt-Jakob disease in humans 2, 8 . The proteins involved in these conditions are known as prions (proteinaceous infectious
